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OF  CLOSED  DUODENAL  LOOPS.* 
BY  G.  H.  WHIPPLE,  M.D.,  H.  B.  STONE,  M.D., 
A~m  B.  M.  BERNHEIM,  M.D. 
(From  the  Hunterian  Laboratory  of  Experimental  Pathology,  Johns  Hopkins 
Medical School, Baltimore.) 
In  the  preceding  paper  we  have  shown  that  dogs  with  closed 
duodenal loops die in a  characteristic  manner,  due t%the  absorption 
of  some  poison  from  this  loop.  In  human  beings  death  from 
volvulus  or high  intestinal  obstruction  may  occur  under  symptoms 
which are practically identical with those observed in these dogs.  It 
seems  fair  to  assume  that  a  similar  intoxication  exists  in  human 
cases, and that a study of the condition in dogs may throw some light 
on  the  obscure  points  attending  intestinal  obstruction  in  man.  A 
study of intestinal  obstruction in man is beset with many difficulties 
arising  from the complexity of the phenomena  and' difficulty of ob- 
taining  cases in a  favorable condition  for investigation.  Neverthe- 
less, we hope to make a report upon human cases in the near  future. 
In  this  paper  we  shall  report  a  series  of  experiments  showing 
that  a  toxic substance is produced by the  intestinal  mucosa and can 
be  demonstrated  in  it,  and  that  the  poison  will  not  be  formed  in 
closed  duodenal  loops  when  the  mucosa  has  been  destroyed  by 
chemical means.  Moreover, no such poison can be demonstrated in 
the normal  intestinal  nmcosa. 
The blood taken  from a  dog with a  duodenal loop is not toxic to 
a  normal  dog  when  given  intravenously.  It  makes  no  difference 
whether  the  blood  removed  from  the  heart  after  death  is  taken 
during  the  first twenty-four hours  after  the  production  of a  closed 
duodenal  loop or after  forty-eight hours.  In neither  instance  does 
the  injection  of  IOO  to  3oo  cubic  centimeters  of  the  defibrinated 
blood  or serum  in  a  normal  dog cause  any  intoxication  or  change 
in blood pressure. 
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This  observation agrees with  that  of McLean and Andries,  and 
yet we do not believe that one is justified in assuming that no toxic 
substance  has  been  absorbed  into  the  blood  stream.  Our  third 
experiment given  below  shows  the  fallacy of  such  reasoning.  In 
the experiment a normal dog (S-Io)  was fatally poisoned with the 
fluid obtained  from a  closed duodenal loop.  Blood obtained  from 
this dog at the time of death was defi'brinated, centrifuged, and the 
clear  serum  (8o  cubic  centimeters)  injected  intravenously  into  a 
normal dog.  The normal dog (S-II)  showed no change in blood 
pressure  and  no  intoxication  following  the  injection.  After  an 
interval of one month this  same  dog  (S-II)  was  given  a  second 
intravenous in~ection of defibrinated blood  (I2o cubic centimeters) 
obtained  from a  dog  (S-22)  fatally poisoned  with duodenal loop 
fluid.  This second injection, like the first,  was absolutely without 
toxic effect. 
The experiment shows that in two hours or less a toxic substance 
may be removed from the blood stream.  A  known toxic substance 
was introduced directly into the blood stream and two hours later at 
autopsy the blood of this animal was quite free from the toxic sub- 
stance,  as' was shown by intravenous  injection into  a  normal  dog. 
One should not be surprised, therefore, to learn that the blood of a 
closed-loop dog is  non4oxic,  for the  absorption  of  the toxic  sub- 
stance  within  the  closed  loop  must  be  relatively  a  slow  process. 
The explanation of the fact is not clear, but it is probable that the 
substance  is  rapidly  fixed  by  the  tissues  or  is  in  part  destroyed. 
However, more work is required to elucidate this point. 
The  experiments show also  that  the blood  of the poisoned dogs 
at  the  time  of  observation  contained  no  foreign  protein  or  sub- 
stance  capable  of  giving  rise  to  anaphylactic  shock.  It  has  been 
noted in a  previous communication that the phenomena of anaphy- 
laxis in the dog, such as low blood pressure and temperature, blood 
incoagulability,  elimination of  fluid  into  the  alimentary tract,  and 
great  splanchnic  congestion,  are  similar  to  those  produced  by  an 
intravenous injection of the material from a closed duodenal loop. 
EXPERII~ENTAL  OBSERVATIONS. 
THE  BLOOD PROM  A  CLOSED DUODENAL LOOP DOG  IS  I~OI~-TOXIC. 
Dog  C-23.--Black  mongrel,  male;  weight,  22  pounds. G.  H.  Whipple,  H.  B.  Stone,  and  B.  M.  Bernheim.  309 
January  20,  4  P.M.  The  carotid  artery  was  connected  with  the  kymograph. 
Dog  was  first  bled  I00 c.c.  from  the jugular  vein,  which  caused  some  drop  in 
blood  pressure.  This  was  followed by  a  rapid  intravenous  injection of  20o  c.c. 
of  defibrinated  blood  from  dog  S-4  (closed  duodenal  loop  dog;  killed  after 
twenty-four  hours).  The  injection  caused  no  reaction  except  a  slight  rise 
above normal  in blood  pressure.  The  second  injection of  i00 c.e.  caused  a  rise 
in  venous  pressure,  but  no  marked  change  in  arterial  pressure.  Dog  was  re- 
moved  from  the  kymograph  and  seemed  normal  when  recovering  from  the 
ether. 
January  21.  Dog is lively and  eats well. 
February  27.  Dog  is  in  excellent condition;  weight,  25  pounds.  The  other 
carotid  was  attached  to  the  kymograph  and  a  record  of  blood  pressure  taken. 
I00 e.c.  of  defibrinated  heart  blood  from  dog  S-20  (closed  duodenal  loop  dog; 
death  in  forty-eight hours)  was  injected  rapidly  intravenously  without  affecting 
the blood pressure  in the  slightest way. 
This  experiment  shows the absence of the toxic material  from the circulating 
blood and of  foreign protein capable of causing anaphylactic shock. 
Dog  S-3.--Small  mongrel,  female. 
January  II,  3  P. ~.  A  kymographic  record  was  obtained  from  the  carotid 
while  13o  c.c.  of  blood  from  dog  S-2  (closed  duodenal  loop  dog;  killed  after 
twenty-six hours)  was injected intravenously.  No change in the blood pressure 
occurred  during  a  period  of  thirty  minutes.  The  injection  was  followed  by  a 
second  injection of 22  c.c.  of the duodenal  contents  from dog  S-2 which  caused 
a  profound drop in blood pressure.  6.3oP. •.  Animal is deeply shocked.  Respi- 
rations  are slow and  deep.  Vomiting and  diarrhea.  The pupils are dilated. 
January  12,  A.M.  Dog  found  dead. 
Autopsy.--Performed at once.  The serous surfaces are negative.  The blood 
has  not  clotted.  The  heart  is  negative.  The  lungs  are  rather  voluminous  and 
show some congestion posteriorly.  The  spleen is soft and  congested.  The  liver 
is  greatly  congested.  The  pancreas  and  kidneys  are  normal.  The  stomach  is 
full of  food.  The  mucosa  is normal  and  pale. 
The  duodenum  shows  a  deep  purple,  velvety mucosa  beginning  about  I  cm. 
below the pylorus.  It  contains  bloody  fluid.  This  condition  occurs  throughout 
the  jejunum  but  fades  to  a  paler  color  in  the  ileum.  The  duodenal  contents 
were toxic and gave the typical picture outlined above, while the blood from the 
same  animal  was  non-toxic. 
THE BLOOD  FROM  A  DOG  POISONED  WITH  DUODENAL LOOP  FLUID  IS  NON-TOXIC, 
Dog S-zI.--Brindle pup,  male;  weight,  17~  pounds. 
February  7,  12  M.  Kymographic  observation  from  the  carotid  and  intrave- 
nous  injection  of  heart  blood  from  dog  S-Io  (poisoned  with  duodenal  fluid; 
death  in two hours).  8o c.c.  of blood  serum gave no reaction;  dog was  normal 
at the end of the experiment. 
February 9.  Dog is well. 
March  5-  Kymograph  as  above,  and  intravenous  injection  of  heart  blood 
from  dog  S-22 (poisoned  with  duodenal  fluid  intravenously;  death  in  two  and 
one half hours).  120 c.c. of blood injected rapidly  caused  a  slight rise in blood 310  Intestinal Obstruction. 
pressure,  which  returned  to  normal  in  a  few  minutes.  Dog  is  normal  at  the 
end of the experiment. 
March  II.  Dog is well. 
This  experiment shows  how  rapidly the toxic material  obtained 
from the duodenal loop may disappear  from the circulating blood. 
PresumaNy it is fixed by the tissue cells or partly destroyed.  This 
experiment agrees with  the preceding ones in  every respect, but  it 
is  more  convincing,  as  a  known  toxic  substance  had  been  intro- 
duced into the blood stream. 
CLOSED  DUODENAL  LOOP  lVIUCOSA,  DEATH  IN  SIXTEEN  HOURS. 
Dog S-33.--Young  fox  terrier,  female;  weight,  I6  pounds. 
March  29,  4  P. ~.  Ether  anesthesia  and  kymographic  observation  as  usual. 
Mucosa  of  the  duodenal  loop  was  obtained  from  dog  S-2I  (closed  duodenal 
loop  dog;  killed  after  forty-three  hours).  The  closed  loop  contained  only  a 
small  amount  of  thick,  pasty,  brown  material  which  was  washed  off: carefully 
The  mucosa which  had been washed  free  from the fluid  was  then scraped  from 
the  intestinal  wall,  mixed  with  o.9  per  cent.  salt  solution,  and  put  in  the 
thermostat  for  twenty-four  hours.  There  was  considerable  bacterial  activity 
with  complete  solution  of  the  mucous  membrane.  The  fluid  was  heated  at  6I ° 
C. for twenty minutes, centrifuged, and filtered through a  Gooch crucible.  62 c.c. 
of  the  filtrate  were  given  intravenously  in  divided  doses.  The  normal  blood 
pressure  was  I5o  ram.  of  mercury.  Small  amounts  of  this  filtrate  caused  an 
initial fall in blood pressure with a  slow return toward normal, reaching II5  mm. 
at the end of twenty minutes.  Later  injections gave the same reaction,  with the 
general  tendency  to  return  to  normal.  At  the  end  of  forty  minutes  the  blood 
pressure  was  Iio  mm.;  at  the  end  of  one  hour  it  was  the  same.  There  was  a 
definite slowing but no  irregularity  in  the heart beats.  5.I5  P.  M.  Dog  was  re- 
moved  from the kymograph. 
March 30,  9  a.M.  Dog  found  dead  and  cold. 
Autopsy.--Performed  at  once.  The  serous  cavities  are  normal.  The  heart 
contains  firm  clots.  The  right  lung  is  clear  and  the  left  lung  shows  broncho- 
pneumonia,  edema,  and  some  hemorrhage  throughout.  This  was  explained  by 
aspiration  of  some  vomitus  during  the  kymographic  observation,  the  dog  lying 
on this side and all the material being aspirated  into that lung.  The  spleen and 
liver are  considerably congested.  The kidneys are  rather pale.  The  stomach  is 
negative.  The duodenum shows the usual purplish, velvety mucosa and contains 
a  good  deal  of  fluid.  The  jejunum  shows  a  pale  pinkish  mucosa  fading  to  a 
normal ileum. 
Microscopical Examlnation.--The  duodenum  shows  considerable  congestion 
of  its  upper  p~rtion  and  beginning  post-mortem  digestion  of  the  villi.  The 
lungs  show  an exudate  of  polymorphonuclear  leucocytes,  blood cells,  and blood° 
stained  granular  material,  and  no fibrin.  The  thymus  is  greatly  congested  and 
small hemorrhages are present.  The liver also is greatly  congested,  particularly 
in the centers  of the lobules. G.  H.  Whipple,  H.  B.  Stone,  and  B.  M.  Bernheim.  311 
CLOSED DUODENAL LOOP MUCOSA IS  TOXIC BUT  NOT  FATAL. 
Dog O-I3.--Adult  terrier,  male;  weight,  9  pounds. 
November 23,  lO.45  A.M.  Rectal temperature,  38.5 °  C.  Ether anesthesia was 
given  for  a  few  minutes  and  fluid  was  injected  into  the  jugular  vein.  This 
fluid  was  obtained  from  the  loop  mucosa  of  dog  0-II  (closed  duodenal  and 
jejunal loop;  death in three  days).  The  closed loop  (dog  O-II)  was  distended 
with  turbid gray  fluid,  and  the  mucosa  was  ulcerated  in  places.  After  opening 
and  rinsing the loop,  its  mucosa  was  scraped  off  carefully,  diluted  with  o.9  per 
cent.  salt  solution,  and  put  in  the  thermostat  at  380  C.  for  autolysis  with  a 
little  chloroform  and  toluol.  Autolysis  for  six  days.  The  fluid  was  heated  at 
6o  °  C.  for  thirty minutes, centrifuged,  and  filtered, giving a  clear,  amber,  broth- 
like  fluid  which  was  faintly alkaline  to  litmus.  The  total  filtrate  (9  °  c.c.)  was 
given slowly with no apparent effect.  II A.M.  Temperature,  37 °  C.  Dog is out 
of  ether,  ii  to  II.3O  A.M.  Dog  is  active  and  noisy,  apparently  quite  normal. 
Pulse is  strong and tension is normal.  I1.45 A.M.  Dog  passed  a  soft stool  and 
pulse  shows  some  slowing.  I2  lVi.  Dog  is  quiet  and  looks  sick  and  dull.  The 
pulse is weak and slow.  Dog passed  soft stool and there is  tenesmus.  Respira- 
tion  is  slow  and  deep.  12.3o  P.M.  Dog  has  passed  much  fluid  feces,  but  has 
not  vomited.  The  pulse  is  weak  and  easily  compressed.  I  e.M.  Temperature, 
38.3 °  C.  The  pulse  is  very  weak  and  dog  is  gravely  shocked;  lies  on  side  in 
semistupor.  2.3o P.M.  Temperature,  39.9  °  C.  Condition is the same.  4.45 P. M. 
Dog  is  very  sick.  Temperature,  39.4  °  C.  8  P.M.  There  has  been  no  more 
diarrhea  or  vomiting.  The  pulse  is  very  weak.  Animal  is  dull  and  stupid. 
November 24,  IO  A.M.  Dog  is  much  improved  and  on  the  way  to  recovery. 
Temperature,  38.2 °  C. 
Dog  S-97.--Fox  terrier,  female;  weight,  I2I~  pounds. 
July 22,  IO.3O A.M.  Ether  anesthesia and kymographic  observation as  usual. 
Intravenous injection of duodenal  loop mucosa  from  dog S-7o  (closed  duodenal 
loop dog;  immunized; dearth in  four  days).  This loop contains a  little fluid and 
its  mucosa  is  intact.  The  loop  mucosa  was  washed  carefully,  scraped  off,  and 
added  to  o.9  per  cent.  salt  solution  with  chloroform  and  toluol.  Autolysis  at 
380  C.  for  seven  days.  The  fluid  was  heated  at  6o  °  C.  for  forty-five  minutes, 
centrifuged,  and  filtered.  The  broth-like  filtrate,  3o  c.c.  in  amount,  was  given 
intravenously.  The  blood pressure  at  the beginning of  the experiment  averaged 
145  ram.  of  mercury.  The  intravenous  injection  of  the  fluid  caused  only  a 
moderate  drop  in  blood  pressure  with  a  fairly  rapid  return  above  normal  to 
a  pressure  of  I8O  ram.  of  mercury.  The  pressure  fell  slowly  during  the  next 
ten  minutes  to  a  level  of  IiO  ram.,  at  the  end  of  the  observation.  II.3O  A. M. 
Dog removed from the kymograph.  3 P.M.  Dog is greatly shocked.  The pulse 
is weak.  Marked  muscular tremors.  No  diarrhea. 
July 23.  Dog  has  recovered  and  appears  normal. 
DRAINED DUODENAL LOOP MUCOSA IS  TOXIC BUT  NOT  FATAL. 
Dog  ~¢-45.---Mongrel  pup,  male;  weight,  16 pounds. 
May  I,  12  M.  Ether  anesthesia  and  kymographic  observation.  Drained 
duodenal  loop  mucosa  was  obtained  from  dog  S-35  (death  in  eleven  days). 
The  mucosa  was  intact  and  pinkish,  and  the  loop  contained  about  2  c.c.  of 
slimy  mucus.  The  mucosa  was  scraped  off  carefully  and  diluted  with  distilled 312  Intestinal Obstruction. 
water;  chloroform  and  toluol  were  added.  Autolysis  at  380  C.  for  five  weeks. 
The  supernatant  fluid  was  centrifuged  and  the  clear,  odorless,  broth-like  fluid 
was  used  without heating.  The  total  filtrate  (4o  c.c.)  was  given intravenously. 
The blood pressure at the beginning of  the experiment was  13o mm.  of  mercury. 
The  intravenous  injection  in  divided  doses  caused  a  trifling  drop  in  blood 
pressure  to  Ioo  mm.,  followed  by  a  rise  slightly  above  normal  to  14o  ram. 
During  the  next twenty-five minutes a  slowly  progressing  drop  began,  reaching 
50  ram.  after  forty-five  minutes.  At  the  end  of  sixty  minutes  there  had  been 
a  slight  recovery  of  blood  pressure  to  90  ram.  There  was  slowing  and  irregu- 
larity  of  the  heart  beat  at  this  time.  I  P. •.  Dog  removed  from  kymograph. 
1.3  °  1,. M.  Dog  is  much  shocked.  Diarrhea  is  marked,  and  fluid  feces  are 
slightly blood-tinged.  Vomitus is bile-stained.  2  I'.  M.  Dog  is weak  but  some- 
what  improved.  Diarrhea  is  still  present.  The  pulse  is  weak. 
May 2.  Dog  is  much  improved. 
May  3.  Animal  seems  to  have  recovered. 
May 4.  Found  dead. 
Autopsy.--Performed at  once.  No  adequate  cause  for  death  is  revealed  in 
spite of careful investigation.  The organs were practically normal throughout. 
Dog O-4.--Male  pup;  weight,  8  pounds. 
October  26,  IO  A.~t.  Ether  anesthesia  and  intravenous  injection.  The 
mucosa  was  obtained  from  dog  0-2  (drained  duodenal  loop  dog;  death  in  six 
days).  The  drained  loop  was  not  dilated  and  contained  about 4  c.c.  of  buttery 
material.  Its  mucosa  shows  one  small  ulcer  6  mm.  in  diameter  close  to  the 
edge  of  the  abdominal  wound.  In  general  it  is  red  or  faint  pink.  The  pasty 
material  together  with  the  mucosa  of  the  loop  was  scraped  off  carefully  into 
0.9  per  cent.  salt  solution;  chloroform  and  toluol  were  added  and  the  mixture 
was  put  away  for  incubation  at  39  °  C.  Autolysis  for  four  days.  The  super- 
natant fluid,  heated  at  6o  °  C.  for  thirty  minutes,  centrifuged,  and  filtered,  gave 
a  clear,  broth-like,  odorless  fluid.  The  total  filtrate  (7o  c.c.)  was  given  intra- 
venously,  without  kymographic  records.  Ten  minutes  after  the  injection  the 
skin  over the abdomen  showed  marked  flushing with  patches  of  urticaria.  The 
pulse  became  very  weak  twenty minutes after the  injection,  and  the flushing of 
the  skin  disappeared,  but  the  patches  of  edema  were  still  present,  ii  A.M. 
Vomited  much  bile-stained  fluid.  11.3o  A.M.  Vomiting  continued,  salivation 
marked,  and  semifluid  feces  passed.  3  P.M.  Involuntary  passage  of  fluid  and 
feces.  Dog  is  cool  and  greatly  shocked.  Pulse  is  weak.  The  skin  is  pale  and 
the localized  edema  has  disappeared.  Etherized  and  killed.  The  thorax,  heart, 
and  lungs  are  normal.  The  liver  and  spleen  show  considerable  engorgement. 
The duodenum shows only slight injection of the mucosa,  and the small intestine 
is  practically  normal  excepl  for  an  excess  of  bile-stained  fluid.  It  is  probable 
that this animal would  have recovered  completely. 
The  five preceding  experiments  give  clear  evidence  that  a  toxic 
substance can be isolated from the duodenal loop mucosa which may 
be  quite  normal  in  gross  and  under  the  microscope.  This  fact 
speaks  strongly  for  the  view  that  the  poison  is  elaborated  by the 
activity of the nmcosa and not by the intestinal  bacteria.  The  final G.  H.  Whipple,  H.  B.  Stone,  and  B.  M.  Bernheim.  318 
proof of the  point  is  given  below,  where  it  is  shown  that  destruc- 
tion of the mucosa prevents the  formation of the toxic substance. 
The  fact  that  the  same  toxic  substance  can  be  demonstrated  in 
the  mucosa  of  a  drained,  washed  duodenal  loop  is  of  special  in- 
terest.  This  may  occur  in  spite  of  daily  irrigations  of  the  loop, 
thus  insuring perfect  drainage  and  no accumulation  under  tension. 
In this is explained the  fact that many of the drained duodenal loop 
dogs,  in  spite  of  good  drainage  and  irrigation,  will  die  after  five 
or  six  days  under  symptoms  of  intoxication,  and  at  autopsy  give 
evidence of a  type of intoxication similar to that  found in  ordinary 
closed duodenal loop dogs. 
From this  it  is  concluded that  absorption  of  the  toxic  substance 
may occur  from a  mucosa which  seems  normal  except  for trifling 
congestion.  There  can scarcely be  any absorption  from the  lumen 
as  all  the  material  escapes  or  is  washed  out;  and  hence  we  must 
assume that the absorption takes place from the mucosa alone where 
surely this  toxic  substance  is  elaborated.  We may go further  and 
suppose  that  in  the  closed  duodenal  loops  with  intact  mucosa  the 
greater part of the  absorption takes place  from the mucosa and not 
from the material  which collects in the  lumen. 
NORMAL  INTESTINAL  MUCOSA  OF  THE  DUODENUM  AND  JEJUNUM  ARE  NON-TOXIC. 
Dog S-7I.--Small pup; weight, IO pounds. 
June 21,  12 M.  Ether anesthesia and kymograph  as usual.  Normal intestinal 
mucosa from dog C-8o, which weighed 30 pounds.  Immediately  after death  thc 
duodenum  and  about  one  foot of the  upper  jejunum  were  opened, washed  out 
carefully,  and  the  entire  mucosa was  scraped off and  put away  for autolization 
with  0.9  per  cent. salt  solution,  toluol, and  chloroform.  Autolysis  at  38  °  C. 
for eight days, and then heated at 60  ° C.  for one hour,  centrifuged,  and  filtered, 
giving  an  opalescent  broth-like  fluid.  The  entire  filtrate  (55  c.c.) given  intra- 
venously  caused  an  initial  drop  in  blood pressure  from  IiO ram. to  65 ram. of 
mercury,  followed by a rapid  return above normal  to  17o mm. with  slow return 
to  normal.  The  second  fraction  caused  much  the  same  reaction  with  a  drop 
followed by a return above normal.  At the end of twenty minutes blood pressure 
was  IiO  ram., and  the  pulse was  regular  and  normal.  2  P.M.  No  diarrhea. 
Dog has vomited a little  water and  mucus.  The pulse is strong. 
June 22.  Dog is active and  well. 
NORMAL MUCOSA OF THE JEJUNUM IS  NON-TOXIC. 
Dog C--9.--Small female; weight, I2I~ pounds. 
March  II, 4 P.M.  Ether  anesthesia  and  kymographic  observation.  Jejunal 
mucosa was obtained  from a normal dog.  The intestine was opened and washed, 314  Intestinal Obstruction. 
and the mucosa scraped off.  Water, toluol, and chloroform were added.  Autol- 
ysis  for  six days at  38 °  C.  The  supernatant  fluid  was  centrifuged and  filtered 
through a  Gooch  crucible.  The  clear  filtrate  (48  c.c.)  was given intravenously. 
Blood  pressure  at  the  beginning  of  the  experiment  was  15o  mm.  of  mercury. 
The  fluid  caused  a  drop  in  blood  pressure  to  IiO  ram.  followed  by  a  rapid 
return to normal.  At the end of twenty minutes the blood pressure was 14o mm. 
The  pulse  was  regular  and  normal.  Dog  showed no  signs  of  intoxication and 
recovered rapidly. 
NORMAL INTESTINAL MUCOSA IS  NON-TOXIC. 
Dog S-42.--Mongrel, male;  weight,  II  pounds. 
April 26, 4 P.M.  Ether anesthesia and kymograph as usual.  Intestinal mucosa 
was  obtained  from  a  normal  dog.  The  entire  small  intestine  was  opened  and 
washed.  The  mucosa  was completely scraped off and  put  in  a  flask with about 
IOO  c.c.  of  distilled water,  chloroform,  and  toluol.  Autolysis at  38 °  C.  for  six 
weeks.  The  supernatant  fluid  was  centrifuged  and  filtered.  The  filtrate  was 
an  odorless,  broth-like  fluid,  85  c.c.  in  amount.  This  material  given  intra- 
venously caused the usual drop in blood pressure from 12o to 75 ram. of mercury. 
There was a  rapid return to normal after each injection.  At the end of twenty- 
five  minutes  the  blood  pressure  had  returned  to  12o  mm.  The  dog  was  re- 
moved from the kymograph. 
April  27.  Dog is  normal. 
NORMAL MUCOSA OF  THE  ILEUM IS  NON-TOXIC. 
Dog C-23.--Mongrel, male;  weight, 25  pounds. 
March  II.  Ether  anesthesia and  kymograph.  Mucosa  from the  ileum  of  a 
normal  dog  was  obtained  after  washing,  and  was  put  away  as  usual  for 
autolysis  at  38 °  C.  for  six  days.  Centrifuged  and  filtered  through  a  Gooch 
crucible.  The  clear  broth-like filtrate  (43  e.c.)  was  given  intravenously.  This 
fluid had a  marked but transient depressor action.  Blood pressure at  the begin- 
ning of the experiment was 18o mm. ; it fell to 80  with rapid recovery to normal. 
At  the  end  of  twenty  minutes  the blood  pressure  was  17o  mm.  The  dog  was 
removed from the kymograph after thirty-five minutes.  It appeared normal. 
March  12.  The  dog  is  perfectly  well.  There  has  been  no  vomiting  or 
diarrhea. 
II'~TESTINAL  MUCOSA  WITH  PUTREFACTION  IS  NON-TOXIC. 
Dog S-3o.--Mongrel terrier,  male; weight, 20  pounds. 
March  27,  II  A.M.  Ether  anesthesia  and  kymograph  as  usual.  Intestinal 
mucosa  from the  entire small  intestine of a  dog dying from bronchopneumonia 
was obtained in the usual  way after washing and  was put aside for putrefaction 
in the thermostat at 380  C.  Putrefaction continued for four  days with the pro- 
duction  of  a  foul  smelling material  which  was  then  heated  to  60 °  C.  for  one 
hour,  centrifuged,  and  filtered.  The  filtrate  was  a  clear,  slightly  greenish, 
opalescent fluid  with  a  disagreeable odor.  The  total  filtrate  (65  c.c.)  was  in- 
jected  in  divided doses.  The  blood  pressure at  the beginning was  16o  mm.  of 
mercury;  the  first  fraction  of  IO  c.c.  caused  a  drop  to  50  mm.,  much  like  that 
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next ten minutes.  Subsequent injections  had  much less effect, causing a general 
upward  tendency  of  the  blood  pressure.  There  was, however,  always  a  slight 
drop after  small injections.  At the  end  of seventy  minutes  the  blood pressure 
rose to I3o mm. of mercury.  This reaction is much like that produced by peptone 
injection.  I2.I5  P.M.  Dog  was  removed  from  the  kymograph.  Blood  taken 
from the  jugular  vein  showed  delayed  clotting,  one  hour  being  necessary  for 
complete coagulation. 
March  28.  Dog is  in  excellent condition. 
The  five  preceding  experiments  show  that  the  normal  intestinal 
mucosa obtained  from any  part  of  the  small  intestine  and  allowed 
to  undergo  autolysis  is  without  toxic  effect  when  given  intrave- 
n.ously  to  a  normal  d'og.  The  filtrate  prepared  from  the  entire 
mucosa  of  the  small  intestine,  after  autolysis,  may  be  introduced 
into the circulation without  any signs  of intoxication.  In  some of 
the  experiments  the  autolytic  fluid  was  not  even  heated  to  60 °  C. 
before being centrifuged,  yet  the  reaction  was not  modified.  It  is 
well  known  that  a  solution  containing  considerable  numbers  of 
bacteria can be given intravenously in normal dogs without ill effect. 
Hence this  series  of  experiments  affords  a  complete  control to  the 
preceding  series  in  which  the  presence  of  a  toxic  substance  in  the 
mucosa of the  closed duodenal  loops was demonstrated. 
The mucosa of the intestine  after  aerobic  putrefaction at  3 8o  C. 
for four days is not toxic.  We  have performed some experiments 
~sing the mucosa of the small intestine which had been permitted to 
putrefy  under  anaerobic  conditions  for several  days.  In  some of 
these  an  indication  of  slight  toxicity was  obtained,  but  the  effects 
are different  from those given by the toxic substance present  in the 
duodenal loop. 
INTESTINAL MUCOSA FROM  A  DOG POISONED WITH  DUODENAL LOOP  FLUID IS  NON-TOXIC. 
Dog S-44.--Black mongrel, male;  weight, I5 pounds. 
April  27.  Ether  anesthesia  and  kymograph  as  usual.  The  entire  intestinal 
mucosa obtained  from dog S-4o  (fatally poisoned with  duodenal fluid;  death  in 
three  hours)  was  washed  and  scraped  off.  This  rnucosa  presented  the  usual 
swollen, velvety, purple appearance.  It was completely removed and  allowed to 
undergo autolysis  for seven days at 38o C. under  chloroform and toluol.  It was 
then  centrifuged  and  filtered  and  injected  intravenously  as  usual.  The  total 
amount (I35 c.c.) was given to the normal  animal  (dog S-44).  The blood pres- 
sure at the beginning of the observation was 15o mm. of mercury.  The injection 
of the fluid in fractions  caused transient  drops in blood pressure  to IOO ram. with 
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was 16o mm.  The pulse was regular.  Dog was removed from the kymograph; 
there was no indication of poisoning. 
May 2.  Dog is well. 
The preceding experiment does not indicate that the poison, when 
given intravenously, is excreted by the intestinal mucosa or is  fixed 
demonstrably in this part  of the  intestine.  The experiment serves, 
too,  as  still another control to show  that the intestinal mucosa con- 
tains no toxic substance. 
DUODENAL  FLUID  DIGESTED  WITH  NORMAL  MUCOSA.  DEATH  IN  FOUR  HOURS. 
Dog S'--84.--Mongrel  terrier,  female; weight,  12  pounds. 
July 14, 12 M.  Ether anesthesia and kymograph as usual.  The duodenal fluid 
was  obtained from dog  S-09  (closed duodenal loop  dog;  immunized; death  in 
two and one half days),  ioo c.c. of this duodenal loop  fluid  were added to  the 
mucosa which was  washed and scraped  from the entire ileum of  a  normal dog. 
The mixture was incubated with chloroform and toluol at 38  °  C.  for nine days 
and then heated at 6o  ° C. for one hour, centrifuged, and filtered.  The total filtrate 
was 135 c.c., but only 75 c.c. were given intravenously,  as usual, in this experiment. 
The blood pressure curve was characteristic.  At the beginning of the observation 
it was 125  ram. of mercury.  The first injection caused a  rapid drop to 6o mm., 
followed by a  rapid return to above normal, to  16o mm.,  with a  slow return to 
normal.  A second fraction produced a similar result and was followed by a slow 
secondary fall during the next twenty minutes, reaching a  level of 70 ram. at the 
end of forty-five minutes, at which time the animal was removed from the kymo- 
graph.  4.3o  P. M.  Dog found dead but quite warm.  There has been much bile- 
stained vomitus, and an escape of yellow fluid stools. 
Autopsy.--Performed at once.  The heart is dilated and shows a few soft clots: 
The lungs and thorax are normal.  The spleen is greatly engorged, with indefinite 
purplish areas along its margin suggesting hemorrhage beneath the capsule.  The 
liver is  deep  purple  and  tense.  The  kidneys  show  marked  congestion of  the 
pyramids.  The  splanchnic vessels  are  conspicuous.  The  stomach  shows  some 
subserous ecchymoses.  Its  mucosa in the  cardiac portion is deep  reddish pink. 
The  pylorus  is  pale.  It  contains  bile-stained,  watery  fluid.  The  duodenum 
shows  a  mottled  reddish  congested  mucosa,  especially  in  the  descending arm. 
The jejunum shows  slight congestion and  much  thin fluid but no blood.  The 
ileum  contains  much  watery  fluid,  but  its  mucosa  is normal.  The  large  in- 
testine shows  a  pinkish  mucosa. 
The preceding experiment shows that the duodenal loop fluid con- 
tains  a  toxic  substance  which  is  not  neutralized  or  destroyed  by 
autolysis with the  mucosa of the normal ileum.  It does  not,  how- 
ever,  prove  that  there  can be  no neutralization in vivo,  as  claimed 
by Draper-Maury,  but speaks against the possession of very power- 
ful  neutralizing action  by  the  mucosa.  We  shall  return  to  this 
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CLOSED  DUODENAL  LOOP  WITH  MERCURIC  CHLORIDE  AND  TOLUOL. 
Dog  S-55.--Strong mongrel,  male;  weight,  2I  pounds. 
May  2I,  3  P.M.  Ether  anesthesia  and  operation  as  usual.  Closed  duodenal 
loop  isolated,  washed  with  water,  and  then  rinsed  out  thoroughly  with  a 
(I:io,  ooo)  solution  of  bichloride  of  mercury.  After  the  last  washing,  5  c.c. 
of  toluol were introduced  and  left in the  loop. 
May 22,  Ii A.M.  Dog looks well and  there is no vomiting.  Rectal tempera- 
ture,  38.5* C. 
May  23,  I2  M.  Dog  is  lying  on  its  side  and  appears  badly  shocked.  The 
pulse  is  weak.  Temperature,  37.2  °  C.  3  P-M.  Rectal  temperature,  380  C. 
]Ether  anesthesia  and kymographic record from the carotid.  The blood pressure 
is 5o  to  $5  ram.  of  mercury,  with  a  slight tendency to  further  fall,  reaching 45 
ram.  at  times.  Intravenous  injection  of  adrenalin  gave  the  characteristic  rise 
of  blood  pressure  to  2oo  ram.,  and  slowing  of  the  heart  beat.  At  the  end  of 
twenty-five minutes  the  blood  pressure  measures  55  to  6o  ram.  At  this  time 
the intestine was  opened  and  inspected.  Throughout the upper  part the mucosa 
of the  small intestine presented a  mottled  reddish  appearance.  The animal  was 
killed by  bleeding  from  the  carotid. 
Autopsy.--Performed at once.  The heart, lungs, and  thorax are normal.  The 
spleen and liver are greatly congested.  The stomach is full of bile-stained fluid, 
and the cardiac portion is a little congested.  The duodenum between the pylorus 
and the upper end of the loop shows some reddening of the mucosa.  The jeju- 
num  and  ileum  show  the  same  mottled  reddish  mucosa  as  before  death,  with 
occasional ecchymoses.  The closed duodenal loop shows some hemorrhage below 
the  serous  coat  and  fine grains  of  fibrin  on  the  surface.  The  mucosa  is  of  a 
diffuse  pinkish  color  with  shallow  ulcers  forming  in  the  mucosa  opposite  the 
mesenteric attachment.  The loop contains  about  75  c.c. of slimy,  dark  greenish 
material, containing flakes  of mucus.  There is no objectionable odor.  Cultures 
gave moderate growths of bacilli and cocci.  Smears show many pus and epithelial 
cells,  numerous bacteria of various sizes,  and numbers  of cocci. 
The  preceding experiment and  others of similar nature  were per- 
formed  in  an  attempt  to  remove  the  bacterial  element  or  at  least 
to check the growth  of bacteria in the  closed loop.  It  will be  seen 
that  this  attempt  failed  and  the  dogs  developed  the  usual  toxic 
symptoms  with  low  temperature  and  blood' pressure  and  presented 
the  usual  findings in the intestinal tract.  The  loops at autopsy  con- 
tained numerous  bacteria. 
MUCOSA  DESTROYED  IN  A  CLOSED  DUODENAL  LOOP.  TOXIC  SUBSTANCE  NOT  PRESENT. 
Dog S-65.--Young mongrel,  female; weight,  I4~  pounds. 
June  I6,  3  P.  M.  Ether  anesthesia  and  operation  with  isolation of  a  closed 
duodenal  loop.  The closed loop was washed  out carefully with water and  then 
with  a  4  per  cent.  solution  of  sodium  fluoride.  This  solution  of  fluoride  was 
allowed to  remain  in  contact with the  mucosa  for ten  minutes.  Then  a  second 
injection was made lasting fifteen minutes, the solution being in contact with the 3[8  Intestinal Obstruction. 
mucosa  for  twenty-five  minutes  in  all.  Then  the  closed  loop  was  washed  out 
thoroughly with water and the puncture wounds were closed as usual. 
June 17,  ii A.g.  Dog is pretty well,  but refuses  food.  3  P. ~.  Dog is dead. 
Autopsy.--Performed at once.  The heart and thorax are negative.  The lungs 
are  voluminous  and  moist,  and  show  indefinite  patches  of  bronchopneumonia. 
The  spleen is a  little swollen.  The  liver is a  trifle congested.  The  kidneys are 
negative.  The  stomach  is  distended  with  bile-stained  fluid  and  shows  some 
congestion.  The  small intestine shows  considerable fluid,  and  its  mucosa  shows 
congestion.  The  duodenal  loop  is  distended  with about  IOO c.c.  of  bloody fluid, 
having a  disagreeable  odor.  The  loop  has purplish  areas  showing  through  the 
serous  surface.  The  mucosa is  found  to  be greatly  degenerated and  s~rapes  off 
with  great  ease  showing  submucous  hemorrhages.  The  duodenal  fluid  together 
with  the  mucosa  was  preserved  with  chloroform  and  toluol,  and  tested  in  dog 
S-76. 
Microscopical  Examination.--The  liver  is  negative.  The  duodenal  loop 
mucosa  shows  practically  complete  necrosis  of  the  epithelial  covering,  only  a 
few  epithelial  cells  remaining  in  the  bottom  of  a  few  crypts.  The  mucosa  is 
replaced  by  a  thick  layer  of  polymorphonuclear  leucocytes  and  cellular  debris. 
The  submucosa  shows  extensive  hemorrhage,  and  the  subserous  tissue  shows 
an  acute  exudate  of  polymorphonuclear  leucocytes  and  fibrin  with  a  recent 
fibrinous  peritonitis,  little  focal  abscesses  developing  here  and  there.  The 
jejunum  shows  a  relatively  normal  mucosa  except  for  slight  congestion  of  the 
tips of the villi.  The cause of death in this dog was  evidently mucosal  epithelial 
necrosis,  bacterial  invasion  of  the  peritoneum  and  blood  stream,  broncho- 
pneumonia,  and  edema  of  the  lungs. 
Dog  S-76.--Yellow  puppy,  female;  weight,  9  pounds. 
July  8,  II.4O  A.M.  Ether  anesthesia  and  kymograph  as  usual.  Intravenous 
injection of  duodenal  loop  fluid  from  dog  S-65,  in  which  the  duodenal  mucosa 
had  been  killed  with  sodium  fluoride.  The  material  obtained  from  the  closed 
loop  had  undergone  autolysis  for  three  weeks  at  38  °  C.,  and  had  been  heated 
at  60  °  C.  for  one  hour  and  centrifuged.  The  clear,  supernatant,  slightly  blood- 
stained  fluid  was  injected  intravenously.  The  total  filtrate  amounted  to  65  c.c. 
and  caused  relatively  little  change  in  blood  pressure.  The  pressure  before  in- 
jection  was  140  ram.  of  mercury.  There  was  a  slight  initial  fall  followed  by 
an  extreme  rise above normal to  22o  ram.  This  fell  rapidly  to  normal,  and  the 
same  reaction  took  place  after the  second  fraction  was  introduced.  At  the  end 
of  twenty  minutes  the  blood  pressure  measured  120  mm.  I2  M.  Dog  was 
removed  from  the  kymograph.  2  P.M.  Dog  is  pretty  well.  i0  P.M.  Dog  is 
normal. 
July  9-  Dog  is  normal  and  gave  not the  slightest  indication  of  intoxication 
following  this  injection. 
The  two preceding experiments show  that  by  suitable  chemical 
injury  (sodium fluoride)  the  mucosa  of  the  closed  loop  can  be 
almost completely destroyed.  Under these conditions the dog dies 
rapidly because of bacterial growth and invasion of the peritoneum 
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the lungs.  The  duodenal loop fluid which  accumulates under these 
conditions may  be  looked  upon as  a  simple inflammatory exudate, 
and  is  shown  to  be  free  from  the  toxic  substance  present  in  the 
usual closed duodenal loop.  This duodenal loop fluid is different in 
many respects from the usual loop fluid, bu.t as seen above, it can be 
given  intravenously without  any  toxic  effects.  This  is  the  final 
proof  that  the  toxic  substance  is  elaborated  by  the  activity of  the 
mucosa  and  cannot  be  produced  by  bacterial  growth  and  inflam- 
matory reaction alone. 
CLOSED  DUODENAL  LOOP  WITH  DESTRUCTION  OF  THE  MUCOSA.  TOXIC  SUBSTANCE 
NOT  PRESENT. 
Dog S-SI.--Mongrel terrier; weight,  14 pounds. 
July 9, 4 e. M.  Ether anesthesia and isolation of the closed  duodenal loop in 
the usual way.  The loop was washed out with water, then 35 c.c. of 4 per cent. 
sodium  fluoride solution were  introduced  and  retained  for  ten  minutes.  This 
was  washed  out  with  water  and  a  second  fraction  of  sodium  fluoride  was 
introduced and retained for ten minutes.  This was washed out thoroughly with 
water  and the loop was  closed  as  usual. 
July  IO,  IO A.M.  Dog is  vomiting repeatedly.  12.3o P.M.  Dog  is  lying on 
its  side.  The  pulse  is  weak.  I  P. ~t.  Blood  culture,  made  from  the  jugular 
vein, is sterile.  3 P.M.  Dog is weak and toxic.  4.3o  P.M.  Animal died. 
Autopsy.--Performed  at once.  The thorax  is opened and blood is  obtained 
under aseptic precautions from the right ventricle.  Cultures are again sterile. 
The thorax is negative.  The heart is contracted.  The lungs are voluminous. 
and  the  right  lung  is  specked  with  small  hemorrhagic  areas  2  or  3  mm.  in 
diameter.  The  spleen,  kidneys,  pancreas,  and  liver  are  negative.  The  peri- 
toneum contains about IO c.c. of bloody fluid,  and shows a  beginning peritonitis 
with ecchymoses  on the serous surface.  The loop is greatly distended and shows 
a  mottled  red  and  purple  coloring through  the  serosa.  It  contains about  IOO 
c.c. of brick red fluid in which float  flakes  of mucus.  The mucosa seems  intact, 
but  is  easily scraped  off, and  extensive hemorrhage  occurs  in  the  submucosa. 
The  material  replacing  the  loop  mucosa  is  almost  as  soft  as  moist  blotting 
paper.  The  fluid  of  the  loop  together  with  the  scraped  off  mucosa  were 
autolyzed with  toluol and chloroform  (dog  S~,8). 
Microscopical Examination.--The  duodenal  loop  shows  necrosis  involving 
the greater part of the mucosa; perhaps one fifth of the epithelial covering still 
retains its original form.  The outer zone, however,  is a solid mass of leucocytes, 
red blood cells, bacteria, and cell debris.  The intestinal coats  show hemorrhage, 
and the peritoneal surface shows  beginning peritonitis with an exudate of fibrin 
and pus cells.  The kidneys and liver are  normal.  The lungs show  edema and 
patches  of  hemorrhage  with  exudation of  leucocytes,  but no  fibrin.  Numbers 
of bacteria can be seen in the sections of lung tissue. 
Dog  S~88.--Fox terrier,  female;  weight,  II  pounds. 
July  12,  5.15 P. •.  Ether  anesthesia  and  kymographic  observation.  Intra- 820  Intestinal Obstruction. 
venous  injection  of  duodenal  loop  fluid  from  dog  S-SI.  The  mucosa  of  this 
loop was  almost  completely destroyed by sodium  fluoride.  The  loop fluid  and 
mucosa were incubated at 38 °  C.  with autolysis for two  days, heated at 60 °  C. 
for  one  hour,  centrifuged,  and  filtered.  The  total volume  of  filtrate  (70  e.c.) 
was given intravenously and caused the usual initial drop in blood pressure from 
normal,  15o  ram. of mercury, to 95  ram., with  fairly rapid return  to  135  mm.  at 
the end of fifteen minutes.  5.5o P. ~.  Dog was  removed  from the kymograph. 
July I3 and I4.  Dog is normal.  There has been no  diarrhea or vomiting. 
These  two  experiments  confirm  in  every  respect the  two  preced- 
ing  .ones  and  show  that  when  the  loop  mucosa  is  destroyed  there 
is  no  formation  of  the  usual  poisonous  material  so  constantly 
present in the closed duodenal loops.  Blood cultures were sterile in 
spite of gross invasion of the peritoneum  from  the  injured  loop and 
a  bronchopneumonia  associated with colonies of 'bacteria in the  lung 
capillaries.  The  injection  of  this  loop  fluid  into  a  normal  dog 
causes no more  reaction than do the autolytic products  from  normal 
intestinal mucosa. 
DUODENAL  LOOP  FLUID  NOT  ABSORBED  FRO1V[  THE  NORMAL  INTESTINE. 
Dog  S-57.--Small male pup;  weight,  I2~  pounds. 
May 26.  Dog  was  given 0.25 grain  of  morphia  to  clear  out  the  intestinal 
tract, and was starved during the next twenty-four hours. 
May  27,  IO  A.M.  Ether  anesthesia  and  kymographic  record  from  carotid. 
The  abdomen  was  opened  under  aseptic technique  and  the  duodenal  loop  fluid 
injected  through  the  wall  of  the  jejunum  into  the  intestinal  lumen.  This 
duodenal  loop  fluid  (80  c.c.  in  all)  was  obtained  from  dogs  S-55,  S-56,  and 
S-53.  Other  experiments  had  shown  the  presence  of  large  amounts  of  toxic 
material.  After this injection into the lumen of the intestine the abdomen was 
closed as  usual.  During  the  entire  observation  there  was  no  change  in  blood 
pressure and no  fall in rectal temperature, which  was  38.8  °  C.  at the beginning 
and  39.2  °  at  the  end  of  the  experiment  which  lasted  for  one  hour.  II  A.M. 
Animal  was  removed  from  the  kymograph  and  vomited  once.  It  is  possible 
that  some  of  the  duodenal  fluid  was  regurgitated  and  escaped  in  this  way  as 
the  vomitns  contained  one  ascaris worm.  12  ~t.  Dog  is  normal. 
May 28.  Dog is normal  and  eats  eagerly. 
The  preceding  experiment  excludes  an  active  absorption  of  the 
toxic  substance  from  the  normal  unobstructed  intestine.  The 
duodenal  loop fluid  was  of  known  toxicity  and  probably  sufficient 
in  amount  to poison  fatally two  normal  dogs.  The  blood pressure 
which  is  a  very  delicate  indicator  for  the  absorption  of  the  toxic 
material  remained  unchanged  during  the  space  of  one  hour  after 
its injection into a  loop of the jejunum. G.  H.  Whipple,  H.  B.  Stone,  and  B.  M.  Bernheim.  821 
DISCUSSION. 
We have been particularly  interested  in the experiments of Hart- 
well and  Hoguet and  believe that  they harmonize  in  every respect 
with  our own.  In  their  last  publications  they  emphasize  the  loss 
of  body  fluids  in  obstruction  and  draw  the  conclusion  that  this 
loss  should  be  supplied  by hypodermoclysis.  But  they  go  further 
and  claim  that  there  is  no  primary  intoxication  and  that  the  loss 
of  fluids  is  the  essential  element  in  the  symptom  complex.  It 
seems  to  us  that  one  might  argue  in  the  same  manner  that  the 
appearance  of  sugar  in  the  urine  is  the  cause  of  diabetes.  We 
believe that our experiments  show unmistakably that  the absorption 
of a  toxic substance can  cause loss of body fluids by vomiting  and 
diarrhea,  and  further,  that the injection of the same toxic substance 
will  cause  great  loss  of  fluids  from  the  alimentary  canal.  Our 
experiments differ in s'ome respects from theirs,  but we believe they 
bear  the  same  relation  to  the  general  problem  of  intestinal  ob- 
struction  as  do others.  We  hope  to show  in  the  near  future  that 
there is a similar intoxication in simple obstruction and in the closed 
duodenal  loops,  but  in  the  former  case  the  intoxication  is  less  in- 
tense.  We. believe that "the toxic material  concerned is the same in 
both instances.  We do not wish to minimize  the  importance of the 
loss of fluids from the body, but believe that the improvement noted 
after  infusions  is  due to dilution  and  elimination  of the toxic  ma- 
terial by this means and the  development  of a  gradually  increasing 
immunity  which  can be shown to appear  in  dogs  after  intravenous 
injection  of  ,the  toxic  substance.  Our  experiments  indicate  that 
intoxication  is  the  primary  effect  and  the  loss  of  body  fluids  a 
secondary one,  rather  than  the  reverse,  as  is  claimed  by Hartwell 
and  Hoguet. 
The  experiments  of  Murphy  and  Vincent  touch  on  many  im- 
portant  points,  some  of  which  are  quite  in  harmony  with  our  ob- 
servations.  However,  ,they  conclude  that  interference  with  the 
circulation  of  the  obstructed  intestine  is  the  vital  factor,  a  view 
which we do not believe is justified by the  experiments.  That  dis- 
turbance  of  the  vascular  supply  will  introduce  many  important 
pathological  factors  is  obvious;  but  our  experiments  show  that 
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loop whose blood supply has been in no way disturbed',  and  whose 
mucosa  is  quite  intact  both  in  gross  and  microscopically.  They 
state that  the toxic substance is purely bacterial  in origin and prob- 
ably not dependent on any vital secretion of the mucous membrane. 
This  statement  we believe is  not proven  by their  experiments,  and 
is  controverted  'by  ours,  which  show  clearly  that  the  mucosa  is 
absolutely essential  for the production  of the toxic  product. 
The  toxic  substance  can  be  demonstrated  in  the: mueosa  of  the 
closed  loops  after  a  lapse  of  twenty-four  hours  following  the 
operation.  It  is  very  difficult  to  give  a  clear  explanation  of  this 
process of i,ts formation,  but we may assume  with  reason  that  the 
enormous growth of intestinal  bacteria is a  very important  stimulus 
to the perverted activity of the intestinal mucosa.  It is possible, too, 
that  the  absence  of  secretions  from  the  stomach  is  an  important 
factor in the  reaction process.  Until we have  a  better understand- 
ing  of  this  phenomenon  it  may  be  permissible  to  speak  of  the 
mucosa being upset or developing a  perverted  activity with  forma- 
tion  of a  ,toxic  substance  which  may be absorbed  directly  into  the 
blood.  The dogs with drained  duodenal loops may live for months 
under suitable conditions and we must assume in this ins'tance either 
a  strong  immunity  or  a  recovery of  the  mucosa  with  return  to  a 
relatively normal  activi,ty.  The histories  of some of the dogs with 
drained  duodenal loops have been given in the preceding paper and 
will not 'be reviewed here. 
The  point that  comes up in connection  with the  intoxication  fol- 
lowing  the  production  of  a  drained  loop  is  of  considerable  im- 
portance  in  connection  with  cases  of human  intestinal  obstruction. 
Human cases of obstruction in which an enterostomy has been per- 
formed some distance above the obstruction may be looked upon as 
having  a  drained  intestinal  loop made  up of the bowel between the 
obs'truction and the  en,  terostomy wound.  In such cases there  is no 
circulation  of  gastric,  pancreatic,  and  hepatic  secretion  in  the  iso- 
lated loop, and  in spite of drainage  we may assume a  possible upset 
of the nmcosa with production of a  toxic substance and consequent 
intoxication.  The  clinical  diagnosis  in  such  cases  will  point  to  a 
second  in,testinal  obstruction;  but  autopsy  may  show  that  such  is 
not the  case.  We expect to  furnish  evidence to support  this  view G.  H.  Whipple,  H.  B.  Stone,  and  B.  M.  Bernheim.  a23 
in a  forthcoming report dealing with cases of obstruction in human 
beings. 
SUMMARY. 
The  blood  of closed  duodenal  loop  dogs  is  not  toxic  to  normal 
dogs.  The  blood  of  dogs  that  have  ,been  fatally  po,isoned  with 
duodenal loop fluid is likewise non-toxic to normal  dogs. 
The mucosa of closed or drained  duodenal loops contains  a  toxic 
substance  quite  similar  to  the  toxic  material  found  in  the  lumen 
of the closed loops. 
This toxic substance is  absorbed  from  the mucosa itself and  not 
from the lumen of the drained loops.  The same is probably true of 
the  closed  loops  which  have  an  intact  mucosa.  Iq:  seems  highly 
probable  that  the  poison  is  formed  by the  mucosa  and  is  in  great 
part absorbed directly from it by the blood. 
Normal  intestinal  mucosa contains  no toxic substance nor can  it 
neutralize  in vitro  the toxic substance produced in  the closed loops. 
There  is  no  evidence  that  the  toxic  material  when  given  intra- 
venously is excreted by the intestine or held by the intestinal mucosa 
in any demonstrable  form. 
The  toxic  substance  is  not  absorbed  from  the  normal  intestinal 
tract. 
Destruction  of the  mucosa in  a  closed loop by means  of sodium 
fluoride prevents  the  formation  of the  toxic  substance.  This  fact 
furnishes  the  final  proof that  the  mucosa  is the  essential  factor  in 
the elaboration  of the poisonous material. 
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